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or reliability. Any use of information in this report is done at the risk of the user. These risks may include, but are
not limited to, catastrophic failure of the device or infringement of patent or copyright laws. California Polytechnic
State University at San Luis Obispo and its staff cannot be held liable for any use or misuse of the project.
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Abstract
A fire and life safety analysis was performed on the Husky Union Building, which is the student union building on
the campus of the University of Washington in Seattle, WA. This analysis was performed for the fulfillment of
requirements for the Master of Science in Fire Protection Engineering degree from California Polytechnic State
University San Luis Obispo.
The analysis includes both a prescriptive-based and a performance-based design.
The prescriptive analysis includes the following elements:
• Building Code Overview
• Egress Analysis and Design
• Fire Alarm and Detection
• Water-Based Suppression Systems
• Structural Fire Protection
The prescriptive analysis was performed to determine if the building meets or exceeds all of the codes and standards
at the time it was constructed. For this analysis, the current editions of the International Building Code and recent
editions of various NFPA codes were used. In the five prescriptive analysis areas, there were no deficiencies found,
and the building is in compliance with the codes at the time it was built.
The performance-based analysis was undertaken with the use of simulations and justifiable design fires. Two viable
design fires were evaluated.
Design Fire 1 was a fire on the first floor of the atrium during a special event, modelled as four event booths in close
proximity to each other igniting.
Design Fire 2 was a fire in the ballroom on the second floor, modelled as a electronic equipment igniting.
In accordance with NFPA 101, the analysis was based on providing an environment for the occupants that is
reasonably safe from fire by the following means:
• Protection of occupants not intimate with the initial fire development
• Improvement of the survivability of occupants intimate with the initial fire development.
• A structure shall be designed, constructed, and maintained to protect occupants who are not intimate with
the initial fire development for the time needed to evacuate, relocate, or defend in place
• Additionally, NFPA 101 Chapter 5 (Performance Based Option) states:
o Any occupant who is not intimate with ignition shall not be exposed to instantaneous or
cumulative untenable conditions”
In Design Fire 1, it was found that the Required Safe Egress Time was not less that the Available Safe Egress Time.
The people on the first floor were still exiting the floor when the space became untenable for visibility and
temperature. The main reason for this deficiency is that the design, while it met code, only has 6 exits on the first
floor compared to 12 on the ground floor. It would have been prudent to add more exits on the first floor during the
design process.
In Design Fire 2, the Ballroom on the second floor was fully empty significantly before any untenable conditions
were reached.
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INTRODUCTION
Husky Union Building Overview
The original Husky Union Building was opened in 1949 and was 71,000 square feet. An addition in 1952 more than
doubled the size of the building, the areas added included a ballroom and the games room. The 1952 addition also
added another deck to the building, a barbershop, and expanded food service areas. In 1959 and 1962 small
additions were made to the HUB, namely two meeting rooms and expanding seating in the dining area, and the
Auditorium.
1975-77 saw the addition of a second ballroom, more dining seating, as well as meeting rooms and more lounge
space. This brought the building up to 262,000 square feet.
In 2010-2012, a major remodel and renovation was undertaken. This involved totally gutting the building while
keeping the oldest exterior facades. This project completely redesigned and rebuilt the first, second and third floors.
The remaining three floors were remodeled and updated as well. The total size of the new/remodeled building is
340,000 square feet. Figures 1 and 2 show views of the completed building.
An entirely new fire alarm system, electrical system, and all related systems were designed and installed as a part of
this project.

Figure 1. Exterior view of Husky Union Building – New Addition
In this report, I will talk about all the prescriptive fire and life safety systems in the building and examine their
adequacy. I will also conduct a performance-based analysis to determine the actual performance of the building
during design fires, and offer conclusions as to their sufficiency.

Figure 2. Exterior view of Husky Union Building – Original Building (remodeled)
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Building Function
The Husky Union Building is the University if Washington’s Student union building. It supports the mission of the
university by enhancing community, providing a dynamic event center, and fostering student engagement. Table 1
lists many of the uses and tenants in the HUB.
Building Floor Plans and Orientation
The Husky Union Building has a total of six occupied floors and a mechanical penthouse.
The Sub Basement, shown in figure 3, is fully subterranean and contains offices and service areas.

Figure 3. Sub Basement Orientation
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The Basement, shown in Figure 4, is fully subterranean and contains assembly areas, storage, and service areas.

Figure 4. Basement Orientation
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The Ground Floor, shown in Figure 5, contains assembly areas and a small amount of mercantile. This floor has
exiting to the outside which we will look at in more detail in the next sections.

Figure 5. Ground Floor Orientation
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The First Floor, shown in Figure 6, contains assembly areas offices, and a small amount of mercantile. The first
floor is the bottom of a three-story atrium. This floor has exiting to the outside.

Figure 6. First Floor Orientation
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The Second Floor, shown in Figure 7, contains the main ballroom, other assembly areas, and offices. The main
atrium penetrates this floor, shown in the white areas in this plan.

Figure 7. Second Floor Orientation
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The Third Floor, shown in Figure 8, contains meeting rooms and offices. The main atrium penetrates this floor.

Figure 8. Third Floor Orientation
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The HUB consists of a significant number of different occupancies and Occupancy types. These will be explored
further in this section and they are shown in Table 1.
Table 1. List of occupants and uses of the HUB

This completes the overview of the Husky Union Building. We will now start the prescriptive analysis of the life
safety systems and processes, starting with a look at the International Building Code.
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PRESCRIPTIVE ANALYSIS
Building Code Analysis
The major 2010-2012 project, which touched or completely remodeled every area of the entire building, as well as
added significant new space, was permitted as follows:
•

•
•
•
•
•
•
•

Based on the 2006 IBC, Construction Type II-A per Table 601.
o Permitted in 2009 before the 2009 IBC was adopted by Seattle
o 64 feet in height, allowable is 85 feet (2006 IBC Table 503)
o Four stories plus two basement levels (4 stories allowed)
Includes occupancy types A2, A3, B, M, and Storage.
There were no technical occupancy separations required, per the 2006 IBC.
Sprinklered throughout.
Shaft walls per the 2006 IBC were 2 hours for shafts 4 stories and more, 1 hour for shafts less than 4
stories.
Corridors were not required to be rated.
Fully monitored fire alarm system per NFPA 72, including emergency voice / alarm communication
system.
Figure 9 indicates that the closest building to the HUB is 100 feet away. Per IBC Table 705.8, this exceeds
the upper limit of required separation by a significant amount.

We will endeavor to see if the Husky Union Building complies with all the requirements listed here.
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Figure 9 indicates that the closest building to the HUB is 100 feet away.

Figure 9. Adjacent Building Distance from HUB
Occupancy and Egress
Hazard Types
As the student union building of a major university with a student population approaching 50,000, it is a multi-use,
multiple occupancy building that operates almost 24/7. In addition to its normal occupancies and uses, it is frequently
used for hosting special events in the larger meeting rooms, the ballroom, and the large open areas on Ground and
First floors.
The different occupancies and uses provide a number of different hazard types and potential fire scenarios. The
building has many different open spaces of various types. These open spaces have fuel packages consisting of seating
areas, chairs, tables and the like, but can at any time have additional unique fuel packages depending on a given special
event. Figured 10 and 11 show some examples of this.
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Figure 10. New student resource fair in
first floor atrium

Figure 11. Career fair in second floor ballroom

Exits and Areas of High Occupancy
Exits on each floor are identified by a black box with the word “EXIT” on the layout drawings found in this section,
Figures 12 through 16. The exits from upper floors are provided by four main stair towers highlighted in green on
the layout drawings.
Table 2 indicates the number of exits provided per floor.
Table 2. Exits provided on each floor.

Each of the five major floors of the building have assembly areas, either A-2 or A-3, that can service multiple uses on
any given day.
These high occupancy areas are noted in Table 3 and are as follows:
•
•
•
•
•

Basement- Includes a bowling alley, billiard room and table tennis room, for a total occupant load of 1984.
The bowling lanes take up a large area and are not occupied, therefore the occupant load will always be much
less that the calculated occupant load. The area of these spaces is 29,000 sf.
Ground Floor- Includes the Husky Den which is made up of dining areas, casual seating areas, and study
areas. This is essentially a wide-open space of 42,000 sf.
First Floor- Includes meeting rooms, a multipurpose room, and a large lounge. These areas exist partially at
the bottom of a three-story atrium and partially in other large seating areas connected to the atrium. The total
of these assembly areas on first floor is 20,000 sf.
Second Floor- With the exception of two meeting rooms, the assembly area on the second floor is made up
of a 13,000 sf ballroom that is divisible in half by an operable wall.
Third Floor- Includes two large, two medium, and one small meeting room for a total of 6,600 sf of high
occupancy space.
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Table 3. Occupancy loads per floor with high occupancy areas noted

Occupancy Separations
Based on Table 508.3.3, there were no occupancy separations required in this building.
• Between A2 or A3 and B or M, none required (exclusion for sprinklered building)
• Between A2 or A3 and incidental space, none required (Table 508.2, sprinklered building)
• Between B and M, none required
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In this section we will look at the Building Floor Plans showing occupancies and exits. There are six main
occupancy types in the building, shown in Table 4.

Table 4. Legend of Occupancy types for Figures 12 through 16.

Figure 12. Occupancy Types and Exits for Basement Level
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Figure 13. Occupancy Types and Exits for Ground Level

Figure 14. Occupancy Types and Exits for First Floor
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Figure 15. Occupancy Types and Exits for Second Floor

Figure 16. Occupancy Types and Exits for Third Floor
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Egress Analysis
In this section we will look at a prescriptive analysis of the egress function of the building. We will compare this
analysis with the performance based egress analysis later on.
Table 1019.1 in the 2006 IBC (which the building was constructed under) is the same as Table 1006.3.2 in the 2018
IBC. This is shown in Table 5.
Table 5. Table 1019.1 from the IBC

Based on the IBC, the number of exits required was calculated based on the number of occupants per floor and are
shown in the two right hand columns of Table 6.
Table 6. Egress and Exit Analysis

Another factor affecting egress is that this building is built on a slope which slopes up from SE to NW. The Ground
Floor has exterior exits that exit on the south end of the building, and the First Floor has exterior exits that exit on
the north end of the building. These exterior exits are shown in Figure 17 and 18.
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Figure 17. Exterior Exit Locations- First Floor

Figure 18. Exterior Exit Locations – Ground Floor
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Egress Calculations
To evaluate Required Safe Egress Time based on egress flow calculations, I will assume that everyone on the First,
Second and Third floors exits out of one of the 6 exterior exits on the First floor. Likewise, everyone on the Ground
floor, Basement and Sub-Basement will exit out of one of the 12 exterior exits on the Ground Floor.
•
•

Total occupancy of First, Second and Third floors is 3369.
Total occupancy of Ground Floor, basement, and Sub-Basement is 5136.

Egress flow at stairways:
•
•

Effective stairway width for floors 1/2/3 is 478 inches or 40 feet.
o 40 feet x 18.5 ppl/ft/min, = 740 ppl/minute.
o 3369 people / 740 ppl/minute = 4.6 minutes.
Effective stairway width for floors G/B/SB is 577 inches or 48 feet.
o 48 feet x 18.5 ppl/ft/min = 888 ppl/minute.
o 5136 people / 888 ppl/minute = 5.78 minutes.

Egress flow at stairway doors:
•
•

Effective door width for floors 1/2/3 is 756 inches or 63 feet.
o 63 feet x 24 ppl/ft/min = 1512 ppl/minute.
o 3369 people / 1512 ppl/minute = 2.22 minutes.
Effective door width for floors G/B/SB is 768 inches or 64 feet.
o 64 feet x 24 ppl/ft/min = 1536 ppl/minute.
o 5136 people / 1536 ppl/minute = 3.34 minutes.

Therefore, the stairways control how fast people can egress. This will be compared to the Actual Safe Egress Time
in the Pathfinder model. ASET to be evaluated with Pathfinder model in Performance Based Section.
It should be noted that the Ground floor has a total of 12 exits compared to 6 required, and the First floor has a total
of 6 exits compared to 4 required.
Travel Distance
The building was evaluated using 2006 IBC Table 1016.1 to determine if it meets the travel distance requirements
and Table 1014.3 regarding the Common Path requirements. This is shown in Tables 7 and 8. From the plans shown
in Figures 19 through 23, we can see that each floor meets these requirements.
Table 7. Table 1016.1 from the IBC
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Table 8. Table 1014.3 from the IBC

The following floor plans indicate the travel distance from the most remote areas of each floor.

Figure 19. Egress Plan Sub Basement
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Figure 20. Egress Plan Basement

Figure 21. Egress Plan First Floor
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Figure 22. Egress Plan Second Floor

Figure 23. Egress Plan Third Floor
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Summary
In this building, the stairways control how fast people can egress. This will be compared to the Actual Safe Egress
Time in the Pathfinder model. ASET to be evaluated with Pathfinder model in Performance Based Section. Based on
an analysis of travel distance for each floor, the building complies with the requirements of the IBC. Additionally,
there are no dead end corridors in the building longer than 25 feet. And the building was designed with more than an
adequate number of exits per the 2006 IBC. Additionally, the location of exit signs was surveyed and it was
confirmed that they are properly placed.
The separation of exterior exits was analyzed. Section 1007.1.1 (exception 2) requires the separation distance to be
not less than one-third of the maximum diagonal dimension of the building. Further, Section 1007.1.2 indicates that
where three or more exits are required, not less than two of them shall be arranged in accordance with 1007.1.1. The
diagonal dimension was estimated to be 400 feet, and so two of the exits on ground floor and two on first floor were
required to be 133 feet or more apart, which they are.
In the next section we will look at the design of the building structure.

STRUCTURAL FIRE PROTECTION
Building Elements
The HUB includes occupancies A2, B, M, and S-1. The total calculated occupancy load is 8,508.
The HUB was constructed as a Type II-A building per the 2006 IBC, Table 601:
• Fire resistance ratings are 2 hours for shafts 4 or more stories, and 1 hour for shafts less than 4 stories.
• Structural frame including columns, girders and trusses – 1 hour. The existing building was a majority of
concrete slab and beam construction except for the roof framing.
• Exterior bearing walls – 1 hour
• Interior bearing walls—1 hour
• Floor construction – 1 hour
• New areas of steel framing were provided with fireproofing, see Fire Safety Strategy section.
• Fireproofing diagrams are included in Appendix D.
Other notes
• Allowable building height from Table 503 was 85 feet, building is actually 64 feet in height.
• Allowable stories was 4, actual building is 4 above grade.
• All elevated decks are designed for 100 psf live load.
• Areas analysis was conducted to determine allowable areas, this is shown in Tables 9 and 10.

Table 9. Areas Analysis per IBC
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Table 10. Areas Analysis - Actual

Referencing Table 601 and Table 602 from the IBC, “Fire Resistance Rating Requirements for Building Elements”,
the HUB meets all the criteria for a Type II-A constructed building. This is shown in Tables 11 and 12.

Table 11. Table 601, IBC Chapter 6, Fire Resistance Rating Requirements for Building Elements
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Table 12. Table 602, IBC Chapter 6, Fire Resistance Rating Requirements for Exterior Walls
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Using a map of the campus, it was determined that the closest building to the HUB is 100 feet away, as shown in
Figure 24

Figure 24. Campus map showing the HUB
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An analysis of Fire Wall locations was conducted by highlighting all the fire walls in the building on each floor
These results are shown in Figures 25 through 30.

Figure 25. Sub Basement plan showing fire walls

31

Husky Union Building - University of Washington

D. Quatier

Figure 26. Basement plan showing fire walls

Figure 27. Ground Floor plan showing fire walls
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Figure 28. First Floor plan showing fire walls

Figure 29. Second Floor plan showing fire walls
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Figure 30. Third Floor plan showing fire walls
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Fireproofing
Many of the areas f the first, second and third floors were built new, with structural steel. The fireproofing plans are
included in Appendix D. Using the legend shown in Table 10, a review of the fireproofing plans shows that the
building complies with the requirements of the IBC.

Table 13. Legend from the project documents showing types of fireproofing used
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Interior Finishes
Interior wall and ceiling finishes are classified in accordance with ASTM E84 and UL 723. Interior finishes are
grouped into the following classes in accordance with their flame spread and smoke-developed indices:
•
•
•

Class A
Class B
Class C

Flame Spread Index 0-25, Smoke Developed index 0-450
Flame Spread Index 26-75, Smoke Developed index 0-450
Flame Spread Index 76-200, Smoke Developed index 0-450

Table 803.13 of the IBC specifies the finish classes required for sprinklered buildings by occupancy group. For the
HUB, Class B and C are used throughout the building.

Table 14. IBC Table 803.13 Interior Wall and Ceiling Finish Requirements

A review of Division 9 of the specifications (Finishes) indicates that the materials are specified according to the
appropriate classes B and C.
Summary
The HUB complies with code requirements for allowable height, allowable number of stories, location of 1- and 2hour fire walls, fireproofing, and interior finishes,
Next will be an analysis of the water-based fire suppression system in the building.

36

Husky Union Building - University of Washington

D. Quatier

WATER-BASED FIRE SUPRESSION
Overview
The HUB is a fully sprinklered building. It has automatic fire extinguishing systems in all kitchen hoods and was
provided with Class 1 standpipes provided in the stairwells.
It was provided with fire extinguishers, per the requirements of the IBC.
o One class 2A extinguisher per 6000 sf, minimum travel distance 75 feet
o One class 2A extinguisher per 3000 sf, in retail and storage areas, minimum trvel distance 75 feet.
o Class 40BC extinguisher in each kitchen area.
Notes regarding the Atrium:
•
•
•

Fixed partitions are 1 hour fire barrier walls.
Fixed glazing at upper floor and relites, are gasketed aluminum frames to allow deflection of glass and
prevent the passage of smoke.
Sprinkler-protected glazing at second and third floors in please of 1 hour fire walls.

Water Supply
According to the building facilities manager, the water supply system was designed with two dedicated fire mains
into the building which resulted in enough flow that they did not install a fire pump. There is no central campus fire
pump, there are a few buildings on campus that do have a fire pump but not the HUB. Water main locations are
shown in Figure 31.

Figure 31. Water main locations.
Both water mains have a supply pressure of 90 PSI static and 75 PSI residual, and are tested regularly. These two
mains are fed from the campus water loop immediately adjacent to the building. The flow rate for both lines is 1227
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GPM at residual. The campus water loop is fed from City of Seattle main lines. The campus has separate water
loops for fire and domestic water.
Sprinkler Hazard Classifications
The entire building is required to be one of these three classifications depending on occupancy:
• Light Hazard, 0.10 GPM over 1500 sf
• Ordinary Hazard Grp 1, 0.20 GPM over 1500 sf
• Ordinary Hazard Grp 2, 0.20 GPM over 1500 sf
Overall Riser Diagram
The overall riser diagram shown in Figure 32, notes the two mains connecting together at the ceiling of the
Basement level and from there feeding the system.

Figure 32. Sprinkler riser diagram showing combination standpipes and stair location.
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Design Criteria and Justification for Most Remote Area
As noted in a previous section, the two water mains come in at basement level and connect together effectively
forming one main in the basement, The third floor sprinkler system is served by the 6 inch standpipe in Stair #1
which is at the north end of the building. It is logical that, with the third floor being the top floor and being served
from the north end of the building, that the most remote zone in the building will be on the south end of the third
floor.
I have chosen the area shown in Figure 33 and 34. In the absence of detailed sprinkler plans, but seeing the sprinkler
layout is generally on a 10 foot by 10 foot grid, I have designed this zone as 15 heads on a 10 x 10 grid, on 3 branch
lines.

Figure 33. Third Floor Sprinkler Plan showing most remote area in the building and on the floor
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Figure 34. Blowup Detail of the most remote area in Figure 32 above

Hydraulic Calculations for the most remote area and Water Demand at Base of Riser
Criteria:
• Drawings indicate this chosen most-remote area is Light Hazard, 0.10 GPM/SF over 1500 SF.
• Steel Pipe, C = 120
• Hose Stream allowance per NFPA Table 20.12.2.6 will be 500 GPM.
• Pipe Size in branch lines starts out at 1 inch and gradually increases to 2.5 inches at the cross mains.
I have included my hydraulic hand calculations and pressure loss calculations as Appendix E. These calculations
indicate that:
•
•

Most Remote Zone requires 610 GPM (including hose) at 40 psi.
Water mains provide a total of 1227 GPM and 75 psi, therefore there is adequate supply for the system.

The water demand curve is shown in Figure 35.
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Figure 35. Water Demand Curve

Sprinkler Types
These are the approved specifications, I do not have information on what was actually used.
•
•
•
•
•

Approved manufacturers were Reliable Automatic Sprinkler Corp., Tyco Fire Products, and Viking Corp.
Light hazard occupancies utilize quick response sprinklers.
Unfinished areas are Brass upright or pendant, 155F
Areas with ceilings are ½ inch orifice, 165F, with 139F temperature rated cover plate.
For window sprinkler protection, ½ inch orifice, 155f horizontal sidewall or pendant vertical sidewall Tyco
Fire Products, Model WS, quick response.

Hangers and Seismic Bracing
•
•
•

Hangers and rods are to comply with Manufacturer Standardization Society, and are to be Hilti, Phillips, or
Powers concrete fasteners.
Provided hangar rod, bolts, hangar rod attachment, and all hot dipped with electroplated coating or
galvanized.
System is protected from earthquake influence in accordance with NFPA 13 and as outlined in the
specification.
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Inspection, Testing and Maintenance
NFPA 25 requires that a sprinkler system be properly inspected, tested, and maintained by the property owner to
provide at least the same level of performance and protection as designed. I was not given access to any materials
that would allow me to prove this is happening on a regular basis.
Summary
Based on visual inspection and hand calculations the fire suppression system is adequate. While I did not have
access to the bidder-designed final sprinkler layout plans, I believe my analysis of the most remote zone adequately
shows that the water supply is more than adequate for the building. Multiple walking trips through the building
showed that sprinklers are placed per the required hazard types.
Regarding the building’s standpipes, NFPA 14 requires that there be no more than 200 feet in between standpipes in
a sprinklered building. This building, with 9 standpipes all together, more than meets this requirement.
FIRE ALARM AND DETECTION
Overview and System Components
This building has six occupied floors, plus the roof / mechanical penthouse. The floors are labelled sub-basement,
basement, ground, 1st, 2nd and 3rd.
The building has a complete automatic and manual fire alarm system installed on all floors as well as the penthouse.
The FACP is a Simplex Model 4100U, catalog info is included in the Appendix. The FACP is located on Basement
level. The building also had two transponder panels located on 1st and 3rd floor.
I have included the fire alarm floor plans and riser diagrams / appliance cut sheets, in Appendices A, B and C to this
report.
This 340,000 SF building was provided with a complete automatic and manual fire alarm and notification system.
Per specification, it includes:
• Designing and provision of a complete fire detection and alerting system
• Permanent signs, labels, and operational instructions
• All necessary conduit and wiring associated with the fire detection and alerting system
• Smoke detectors, heat detectors, and manual alarm stations 5.
• Beam detectors in the atrium.
• Speakers/strobes, strobes and remote lamps with test switch for smoke fire dampers.
• Electromagnet door holders (coordinate with section 087100, Door Hardware)
• Installation of wiring and raceway to door closers and holders
• Provision of Gamewell local energy master box.
• Provision of a Digitize Model DET-6B supervisory transmitter.
• Zone advisory code transmitters
• Remote annunciator panel(s)
• Provision of a one-way voice communication system as part of the audio evacuation system
• Provision of auxiliary controls and switches including interposing control, monitor relays, and
interconnection coordination for the operation of the following systems: a. Door control b. Fan control,
smoke/fire damper interface c. Elevator recall d. Sprinkler systems e. Commissioning
• Provision of testing and training as specified in this specification.
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The specification requires that all work be designed and installed according to NFPA 72 as well as other authorities
listed below. The code has requirements for FA signals, supervisory signals, and trouble signals. It also states how
and when signals may be cancelled or cleared, and by what method.
System Layout, placement of devices
The TrueAlarm photoelectric sensors are provided in a range of sensitivity levels, ranging from 0.2% to 3.7% per
foot of smoke obscuration. These can be selected and monitored in the FACP. Photoelectric sensors in the HUB are
located at intermediate levels in the atrium and are used for duct detectors.
The TrueAlarm heat sensors are rated for 20 x 20 feet FM spacing and 60 x 60 UL spacing, at 135 degrees. RTI is
“quick”. Heat sensors are located in all kitchen areas on ground and basement levels.
The fire alarm plans do not reflect locations of sensors in most cases, in the larger rooms / areas. Good examples of
this are the large multi-purpose room on first floor and the ballroom on second floor. I believe the reason the plans
do not show this level of detail is because the plans were done not by an FPE but by Simplex themselves. Simplex
already had a relationship with the university and so it was a foregone conclusion they would do the work.
The fire alarm specification requires them to submit all the details for approval. As a part of their overall submittal
package. I have walked this building many times and it appears that the spacing complies with code requirements, if
anything it is conservative because there appears to be more devices than required. I was not able to find out the
reason for this, however it may be due to the fact that the system was proprietary and design-build by the system
manufacturer, and they wanted to do more than the minimum.
I also note that the fire alarm specification includes “design” of several systems, which explains the partial lack of
detail on the plans.
Alarm Notification Appliances
This project utilized Wheelock E70 and E90 speakers and strobes, and Wheelock RSS and RSSP strobes. Spec
sheets are included in the Appendix C. The locations are shown on the plans which are in Appendix E. The speakers
and strobes are located as per the approved plans.
Mass Notification System
The HUB is provided with a one-way voice communication system as part of the audio evacuation system. The fire
alarm speaker system is controlled from the FACP and a microphone is provided for this purpose.
Power Requirements
Because of security reasons I was not granted access, even supervised access, to the FACP or other control units.
Because the devices are not all shown on the design plans, I am calculating the power for the FACP and not the two
transponder panels. While the devices are not all shown, the FACP did have a note that there were 71 duct detectors
connected to it and also noted what the device load was that is connected to it. Table 15 shows that the batteries
provided are adequate.
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Table 15. Power requirements for the HUB Fire Alarm Control Panel

Quantity

1
1
71
71

Description

amps
Standby
Current

amps
Total
Standby

amps
Alarm
Current

amps
Total
Alarm

2.99
0.279

2.99
0.279

0.0024

0.1704

27.22
0.53
6.94
0.015
0.015

27.22
0.53
6.94
1.065
1.065

FACP
Remote Mic
Audible / visible device load
TrueAlarm duct smoke sensor
Duct detector relay
Total Standby=

3.44
x4
13.76

Total Alarm=

13.76
37.24
x.25
9.31

Total
20% depletion factor
Total amp/hour required
Total amp/hour batteries
provided are:
Note, required battery standby
time is 4 hours.

9.31
23.07
4.61
27.68
50

The two transponder panels were both provided with 33 amp-hours of batteries. An analysis was completed of the
two transponder panels in Table 16 and 17.

44

Husky Union Building - University of Washington

D. Quatier

Table 16. Battery calculations for Transponder Panel 1

Table 17. Battery calculations for Transponder Panel 2
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Smoke Control
HUB does not have a smoke extraction system. Motor-operated windows at atrium monitors are for ventilation only
and this will be further examined in the Performance Based section. It is possible that if these windows were opened
on alarm, it would allow a significant amount of smoke to exit the top of the atrium.
The HUB was LEED certified Gold after the last major project. The building scored LEED points for:
 Outdoor Air Delivery Monitoring
 Increased Ventilation
 Controllability of Systems
Duct smoke detectors send signal to FACP when activated. FACP then sends signal to AHU control panel to shut
down all fans and dampers. Mechanical systems are shut down on general building alarm.
This process is indicated on Table 18, Sequence of Operation. The Sequence of Operation has a separate section for
the atrium components. For the purposes of this table, the Atrium Enclosure is defined as areas of the first floor
within the atrium boundary, and all of the second and third floors.
The side-acting side-coiling doors on the second floor, are smoke rated and protect the second floor occupants so
that they can exit in a fire condition.
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Table 18. Sequence of Operation for Fire Alarm System

Testing and Maintenance
NFPA 72 requires that the fire alarm system be inspected and tested annually. The purpose of this inspection and
testing is to make certain that all components of the system are in working order in accordance of how they are
designed to function.
All devices and components are to be tested during the annual inspection. Initiating devices are to be visually
inspected every 6 months. Each circuit is to have at least two devices tested annually.
Records are required to be kept for a year. I was not allowed to obtain any records verifying that testing and
inspection of the fire alarm system has occurred annually, but I was told they it is occurring.

47

Husky Union Building - University of Washington

D. Quatier

Summary
Based on the analysis of the plans and specifications for the fire alarm system, the design of the fire detection and
alarm system is adequate. A visual inspection of all of the public areas of the building indicated that the devices are
installed properly.

Summary and conclusions of Prescriptive Analysis
The Husky Union Building meets the criteria of the codes and standards that it was designed and permitted under,
including the structure, sprinkler system, fire alarm system, and egress requirements.
Structural Fire Protection complies with the requirements for Construction Type II-A per the 2006 IBC.
While exiting capacities exceed requirements, this is shown to be inadequate in the performance based analysis.
The Fire Detection and Alarm system is compliant with applicable codes.
The Smoke Control system consists only of smoke detectors and duct detectors. This was deemed to be adequate but
could be improved with the addition of smoke extraction. We will look at this in the Performance Based section.
The Fire Suppression hand calculations confirm that the water supply is sufficient.
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PERFORMANCE BASED ANALYSIS
Overview
Goal
The overarching goal of analyzing design fires in building evaluation is life safety for all occupants. The Husky
Union a building that is occupied by potentially thousands of college students at one time. Analysis will be
performed to determine if all occupants, both those intimate with the fire and those who are not, can egress from the
building before conditions in their exit path become untenable.
NFPA 101 Chapter 4 states:
“A goal is to provide an environment for the occupants that is reasonably safe from fire by the following means:
• Protection of occupants not intimate with the initial fire development
• Improvement of the survivability of occupants intimate with the initial fire development.
• A structure shall be designed, constructed, and maintained to protect occupants who are not intimate with
the initial fire development for the time needed to evacuate, relocate, or defend in place”
Objectives
• ASET / RSET analysis: Available Safe Egress Time will be determined by modeling the time to untenable
conditions, and then compare this to the Required Safe Egress Time which will be calculated by modeling
the time for everyone to safely egress the building.
o The RSET from the simulation will also be compared to the RSET from hand calculations.
• The tenability criteria will be modeled using the following indicators:
o The temperature
◦ Visibility
◦ CO production
Additionally, NFPA 101 Chapter 5 (Performance Based Option) states:
“Any occupant who is not intimate with ignition shall not be exposed to instantaneous or cumulative untenable
conditions”
Therefore, all occupants must exit prior to the conditions becoming untenable.
My analysis in this report will be based on evacuating all of the occupants and assuming a fully occupied building.

Fuel Analysis- Overall Building
The Husky Union Building, at 340,000 sf, has an extremely diverse range of types and uses of spaces. An overview
of the spaces and potential fuel loads is as follows:
•
•
•
•
•
•
•
•
•
•

Large commercial kitchens with kitchen equipment, storage areas, cooking equipment, fryers
Small Kitchens- warming areas and prep areas, food-court scenario
Dining areas- chairs, upholstered seating, tables
Information tables- cabinets, literature racks, flat screens
Bank- electronic equipment, casework, seating
Book store- shelving and casework, books, apparel, paper goods
Bike Shop- equipment, apparel, oil and lubricants
Police station- office areas
Cashiers office- secure cabinetry, documents
Offices- there are 39000 sf of total office space in the building including administrative areas, tech services,
and various student activities. Chairs, work stations, computers.
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Coffee shops- coffee makers, warning ovens, microwave ovens
Bowling alley and Game rooms- equipment, special lighting, special electrical, extension cords
Assembly uses- There are 110000sf of different assembly areas. These could have different events like
dances, movies, student events.
Storage- 15000 sf total, mostly for kitchen storage, food, pallets of items, rack shelving
Atrium- This is classified as one of the assembly areas, and it hosts art shows, new student activity fair, career
fairs, art shows. It will also contain kiosks at different times of the year. It has wood paneling on the walls
up three stories high.
Ballroom- This is also classified as one of the assembly areas. It has wood paneling on the walls as well.

Design Fire Selection
As mentioned above, the Husky Union Building has many different types and uses of space in it under normal
circumstances, and many more that this when all the special events held throughout the year are considered. It is likely
that fires could occur during special events, when items, displays, equipment and furnishings that are not normally in
the building are brought in. Additionally, during special events there are a significant number of people running these
events who may not be aware of fire hazards.
NFPA 101 was used for Design Fire Selection Criteria. For the HUB, the design fires were selected using NFPA
Section 5.5.3.1. The design fires selected fall under the Design Fire Scenario 1:
•
•

It is an occupancy-specific fire representative of a typical fire for the occupancy.
It explicitly accounts for the following:
o Occupant activities
o Number and location of occupants
o Room size
o Contents and furnishings
o Fuel properties and ignition sources
o Ventilation conditions
o Identification of the first item ignited and its location

Therefore, I chose two fires during special events in different parts of the building.
Design Fire 1: On the First Floor, I located a design fire in the base of the atrium. (Figure 41).There are 24/7/365
events happening in the atrium that involve bringing in large amounts of artwork, equipment, kiosks or other types
displays. Even with the atrium having furniture in it during normal conditions, I chose a special event because the
furniture and displays are much closer together than under normal conditions.
Design Fire 2: On the Second Floor I have located a design fire in the large ballroom. This space also hosts many
different kinds of events, including concerts. Many of the events involve electronic equipment, light displays, concerts,
and similar events. During a concert, a fire could start from the electronics / electrical devices and cords, especially
since it is equipment that is not normally in the space and the power supply might be insufficient for the load.
I used an alpha t-squared fire for sprinkler activation calculations because my HRR data was somewhat coarse.
Figure 36 below indicates where the selected design fires fall relative to the NFPA Growth Curves as found in NFPA
92..
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Figure 36. Design Fires Relative to the NFPA Growth Curves. (NFPA 92)

•

For the design fires, I am using alpha values as follows:
o Design Fire 1, Atrium, both burning items are in between Medium and Fast Growth rates, therefore
I will use Fast, alpha = 0.047
o Design Fire 2, Ballroom, one burning item is Medium and the other is Slow Growth Rate, to be
conservative I am using Medium, alpha = 0.012
o Table 19 indicates the values for fire growth rates as found in NFPA 92.
Table 19. Alpha Values for Fire Growth Rates
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Design Fire #1- First Floor in the Atrium
The Husky Union Building has a three-story atrium which is a focal point of the building. It is relatively narrow but
it runs almost the entire length of the building in the north-south direction. (Figure 38 and 39)
Spaces and functions adjoining the atrium include student lounges, offices for student organizations, meeting rooms,
and major assembly rooms (ballrooms and a multi-purpose room with associated pre-function areas). This major
remodel project was permitted under the 2006 IBC and the Atrium Section 404.
For this design fire, I will analyze the performance of the appropriate systems by hand / spreadsheet, as well as conduct
modeling with PyroSim and Pathfinder, and compare the results.
Fire Protection Analysis of the atrium
This atrium does not have a smoke evacuation system The design employs a 2-hour rated enclosure at the Third Floor,
allowing it to be considered a shaft enclosure rather than an atrium enclosure. The remaining 2 stories, First and
Second, have 1-hour rated walls in accordance with Section 404.5. The resultant two-story atrium was not required to
be provided with smoke evacuation, per the Exception 404.4.
The atrium enclosure/shaft separation consists of the following, which justifies the lack of a smoke evacuation system:
• Fixed partitions: 1-hour fire barrier
• Fixed glazing: Gasketed in aluminum frames to allow deflection of glass and prevent passage of smoke, with
sprinklers on both sides, Tyco Type WS sprinkler heads. (Figure 36 and 37)
• To ensure furniture cannot be placed to obstruct full coverage of the glass, a railing detail is provided on the
occupied room side of glazing with a sill height of less than 36 inches.
• Deployable 3 hour rated fire barriers (fire shutters) that release on activation of alarm. Shutters are automatic
closing (fail-safe) by the actuation of smoke detectors or by loss of power to the smoke detector or hold-open
device. (Figure 37 and 40)
• Both horizontal and vertical fire shutters are included in the design on the 2nd floor; horizontal shutters have
an integral swing egress door to allow egress from the small balcony areas that are within the atrium enclosure
when the shutters deploy. The 3-hour rated shutters substitute for 1-hour fire barrier construction. (Figure
37)
• The 3rd Floor enclosure is designed to meet the shaft requirements of SBC 707.2. This creates a "top hat"
condition, where the 1st/2nd floor atrium volume is completely separated from occupied 3rd floor spaces by
construction meeting 2-hour shaft requirements.
There were two Alternate Methods proposals per the IBC, during the permit approval process for this atrium. These
affect how the atrium performs in a fire.
1.

Use of opening protectives in lieu of meeting 25% shaft wall rule
•
•
•
•
•

2.

Exceeding the 25% rule is acceptable if opening protective meets ASTM E119.
The requested alternate was for 3 hour rated UL 10B opening protectives in lieu of 1 hour fire
barrier. (but not E119 tested).
Justification was that 1) E119 and UL10B are similar except for the heat transfer element -- Fire and
smoke transfer are virtually the same, and 2) Stopping fire for an additional 2 hours and achieving
the same level of smoke containment actually creates a more protected environment.
Alternate was approved.
Note- Seattle does not always approve proposals similar to this due to the fact that one is counting
on the opening protective to deploy.

Separate off the third floor of the atrium, create two story space and eliminate smoke evacuation.
•

Third story of the atrium is separated by overhead fire/smoke doors and glazing with Tyco WS sprinkler
heads. (“top hat”).
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Deployable 3 hour rated opening protectives close off the second floor of the atrium from the rest of the
second floor.
The remaining two stories, first and second, have a one hour rated enclosure throughout.
The resulting two story atrium is not required to have a smoke evacuation system per IBC 404.4.
Alternate was approved.
Figure 37 shows the three story atrium, and Figure 38 shows the same photograph with the fire protection
elements highlighted.

Figure 37. Atrium
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Figure 38. Atrium showing fire protection elements

As mentioned previously, the atrium area is a very large open space on the first floor. There are areas whose volume
is connected to the base of the atrium that are not technically part of it. This space is used to host a large variety of
special events. For my design fire, I decided to choose a scenario when the area is very crowded with different
flammable items. Figures 39 and 40 show sections through the atrium, with the atrium highlighted in red. Figure 42
indicates the location of this design fire.

Figure 39. East-West Section through HUB showing cross-section of atrium
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Figure 40. North-South Section through HUB showing cross-section of atrium
The dimensional characteristics of the atrium are as follows:
o Height = 11.5
o Length = 72m
o Width = 10.7m
o Area = 770 Sq m
Figures 4, 43 and 44 show a more detailed view of the large side-coiling doors that separate off the second floor in a
fire.

Figure 41. 3 hour rated UL10B Side Coiling Door with integral swing door egress
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Figure 42. Design Fire located in the bottom of the Atrium on First Floor

Figures 43 and 44. Atrium side coiling fire door deployment resulting in second and third floors being closed off.
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Below are some photos of the annual student art show, which indicate a large amount of paper products, fabric
products, and other items. (Figure 45 and 46)
I also chose this design fire because an event like this would tend to be very congested and possibly not as well
managed by the local staff. Specifically, I chose a magazine rack and an apparel rack. There are multiple examples of
these in the photos.
•
•

•

With an event on the first floor as in the photographs, the exhibits and booths can be very close to each other.
Normally there are seating areas in the atrium space however, I chose a special event for the following
reasons:
o Higher probability of additional electrical overload and other equipment
o Higher probability of people not being attentive to possible overloading of outlets
o Possibility of certain exhibitors working on site with special equipment
o Higher probability that more items will ignite – the furniture that is normally in the space is spread
out to a point that the second or third item would not ignite
Exhibits are made of paper, fabric and other flammable materials. For the simulation I chose four burning
items, magazine racks and clothing racks. These closely resemble what would be in an event like this. The
heat release rate graphs for these two items are shown in Figures 47 and 48.

Figures 45 and 46. Annual student art show and sale in the atrium

1946 kW

7762 kW

Figure 47. HRR Magazine Rack [5]

Figure 48. HRR Apparel Rack with Clothes [5]
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For this design fire I have combined the magazine rack and the apparel rack, and there will be two of each. From the
photos one can see that it is very likely that multiple items will ignite at nearly the same time. There are multiple
potential fuel loads that are essentially touching each other or within 0.01m of each other. Irradiances measured in
the lab within 0.05 m approached 80 kW/m2, more than enough to ignite additional items.
The total Heat Release Rate curve for this design fire is shown in Figure 49. Maximum Heat Release Rate is 17400
kW for the four burning items.
• Source: SFPE Handbook of Fire Protection Engineering, Chapter 26, Heat Release Rates, V. Babrauskas

Figure 49. Total HRR for Atrium Fire

Products of Combustion
The average yields for this design fire were calculated based on SPFE Appendix, Table A.39.
For Smoke and CO Yield, the average yield for the apparel rack was calculated as the average between wool, nylon
and polyester. For the magazine rack and contents, the yields were calculated as the values for pine wood.
The overall yields were then calculated based the fires will contain 50% quantity of each burning item, the magazine
rack and the apparel rack.
The smoke yield for this design fire was 0.037 g/g, and the CO yield was 0.029 g/g.
Specific Tenability Goals
The specific tenability goals are to have everyone on levels 1, 2, and 3 exit out of the first floor before they are
affected by tenability limits. Also, protection of and survivability of occupants not intimate with ignition. (Those on
Ground, Basement and Sub Basement levels, and in some areas of the upper three floors)
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Tenability criteria:
◦ Temperature on each floor in the atrium 60C or less. This allows for exposure for 30 minutes
without life threatening effects (SPFE Handbook Table 2-6.19).
◦ Visibility on each floor in the atrium 10m or more. This value is chosen because while many of
the building occupants will be familiar with the building, there will also be many who are not
familiar. (SFPE Handbook Table 2-4.2).
◦ CO production 1200 ppm or less. This amount is based on the CDC recommendation that it is
immediately dangerous to life and health.
◦ Sources, NFPA Fire Protection Handbook 20th Edition and NFPA Report 130-2014 Chapter B
Objectives

◦
◦
◦

ASET / RSET analysis: Evaluate Available Safe Egress Time by modeling time to untenable
conditions
Compare ASET to Required Safe Egress Time calculated by modeling the time for everyone to
safely egress the building.
Calculate RSET by hand and in the model.

The Required Safe Egress Time is calculated by hand using Figure 50 below, later in this section. The RSET is
calculated by adding the time to detection, the ore-movement time, and the evacuation / travel time.

Figure 50. NFPA Fire Protection Handbook Figure 3.11.4
Timeline for Evaluation of Available vs. Required Safe Egress Times
The HUB has several exits from both the ground and first floor. See Figure 51 and 52. I am making the assumption
that everyone on the First, Second and Third floors exits out of one of the 6 exterior exits on the First floor.
Likewise, everyone on the Ground floor and the two subterranean levels below it (Basement and Sub-Basement)
will exit out of one of the 12 exterior exits on the Ground Floor.
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Figure 51. First Floor Exit Locations

Figure 52. Ground Floor Exit Locations
The total occupancy of First, Second and Third floors is 3369 and the total occupancy of Ground Floor, Basement,
and Sub-Basement is 5136. Calculating the egress flow at both the stairways and the stairway doors produces the
following results.
Egress flow at stairways:
•

The effective stairway width for floors 1/2/3 is 478 inches or 40 feet.
o 40 feet x 18.5 ppl/ft/min, = 740 ppl/minute.
o 3369 people / 740 ppl/minute = 4.55 minutes.
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The effective stairway width for floors G/B/SB is 577 inches or 48 feet.
o 48 feet x 18.5 ppl/ft/min = 888 ppl/minute.
o 5136 people / 888 ppl/minute = 5.78 minutes. (347 seconds)

Egress flow at stairway doors:
• Effective door width for floors 1/2/3 is 756 inches or 63 feet.
o 63 feet x 24 ppl/ft/min = 1512 ppl/minute.
o 3369 people / 1512 ppl/minute = 2.22 minutes.
•

Effective door width for floors G/B/SB is 768 inches or 64 feet.
o 64 feet x 24 ppl/ft/min = 1536 ppl/minute.
o 5136 people / 1536 ppl/minute = 3.34 minutes.

Therefore, the stairways control how fast people can egress. This will be compared to the Available Safe Egress Time
in the PyroSim model, and to the RSET as simulated by Pathfinder.
It should be noted that the Ground floor has a total of 12 exits compared to 6 required by code, and the First floor has
a total of 6 exits compared to 4 required by code. We will come back to this after we look at the simulations.
The input parameters for the Pathfinder model are as follows:
•
•
•
•

•

Locomotive Disability2.62 ft/s
No Locomotive Disability4.1 ft/s
Smoke Detector activation time95 seconds (from PyroSim model)
Pre movement time180 seconds (for those not intimate with the fire)
o Note: the pre-movement database shows times that vary widely for assembly and educational
occupancies. In some cases, the educational occupancies are less than 1 minute, but the assembly
occupancies are over 5 minutes. This information, combined with the fact that the HUB has many
different occupancies and events going on at one time, led to choosing a relatively conservative
value of 180 seconds for those not intimate with the fire.
Detector activation time and pre-movement time are built into the Pathfinder simulation.

Sources:

◦
◦
◦

Engineering Guide to Human Behavior in Fire, SFPE 2003
Pre-evacuation database for use in egress simulations, 2019
SFPE Handbook of Fire Protection Engineering
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Figure 53 below, shows that early in the simulation at 25 seconds the people in the atrium who are intimate with the
fire, have started to exit. The fire has not been detected by the fire alarm system yet.

Figure 53. First Floor of Pathfinder Model at 25 seconds.
At 307 seconds into the fire, on the first floor, people intimate with the fire have exited and people not intimate with
the fire have just started to exit at 275 seconds. (Figure 54)
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Figure 54. First Floor of Pathfinder Model at 300 seconds.
the ballroom is 1000 people and they can be seen queuing up at the ballroom exit doors.

1000
people

Figure 55. Second Floor of Pathfinder Model at 300 seconds.
At 600 seconds or 10 minutes into the fire, on the Second floor, the ballroom has emptied however many of those
people are still waiting to get into one of the stairways. Also some of the people are going back and forth between
stairways. See Figure 56.
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Figure 56. Second Floor of Pathfinder Model at 600 seconds.

Figure 57. Pathfinder Model at 829 seconds.
To summarize the egress simulation, Pathfinder indicates everyone has exited in 829 seconds. (Figure 57).
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Hand calculations indicate everyone has exited in 622 seconds. (detection time plus pre-movement time plus 347
seconds travel time). The difference of 207 seconds could be explained by the length of time it takes the second
floor occupants in the ballroom to exit in the simulation.
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Tenability analysis in the Atrium Fire
Tenability data was obtained from the PyroSim model and these screen shots will show tenability limits at the
appropriate times. First, in Figure 58 we can see that the area where the fire is in the atrium space has reached the
tenability limit of 10 meters.

Figure 58. Visibility at 6 feet above the First Floor at 320 seconds.
A short time later, we see that a large portion of the first floor has reached the tenability limit of 10 meters. (Figure
59). We will see at the end of this analysis what the exiting status is, out of the first floor, at this time. We can also
see the visibility decreasing in Figure 60 which is a longitudinal slice file through the long dimension of the atrium
in the north-south direction.

Figure 59. Visibility at 6 feet above the First Floor at 424 seconds
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Figure 60. Visibility slice longitudinally through the atrium at 320 seconds
In Figure 61, which is taken on the first floor at 428 seconds, we can see that the tenability limit of 60 degrees C has
been reached in the area at the bottom of the atrium. We see the same thing at the same time, in Figure 62 which is a
longitudinal slice file through the atrium.

Figure 61. Temperature (C) at 6 feet above the First Floor at 428 seconds.
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Figure 62. Temperature slice file through atrium at 429 seconds
Note: Atrium ceiling reaches 120C at 302 seconds
Figure 63 and 64 show that the tenability limit for Carbon Monoxide is not reached in this fire.

Figure 63. CO concentration at 6 feet above the first floor at 574 seconds.
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Figure 64. CO concentration at 6 feet above the second floor at 487 seconds.
I placed a thermocouple at the flat ceiling of the atrium on the third floor, directly above the fire. If there were
sprinklers other than those installed for the glass, they would have activated at 205 seconds. This can be seen in
Figure 65.

Figure 65. Temperature at Third Floor Atrium Ceiling directly above the fire.
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The sprinklers at third floor ceiling in atrium are glass side wall only. There are no sprinklers on the flat ceiling in
the third floor portion of the atrium. Therefore the fire is not affected by sprinklers because they may not deploy
directly onto the fire. (Because they spray onto the glass). Additionally, the fire is partially sheltered under the stair
landing. If the sprinklers do activate, they will not have a significant effect on the fire between their activation at 205
seconds and tenability limits at 424 seconds.
Some studies indicate that sprinklers in high ceilings may not fully activate:
 S. Nam, “Fire Protection at High Ceiling Clearance Facilities”, FM Global
 Hsiang-Cheng Kung et al, “Sprinkler Protection of non-storage occupancies with high
ceilings”, Fire Safety Journal

Figure 66. First Floor of Pathfinder model at 424 seconds, when tenability limits are reached.
Design Fire 1 Summary and Recommendations
Figure 66 indicates that RSET is not less than ASET. Figure 65 shows people still exiting out of the First Floor after
tenability limits are reached.
It should be noted that the people on second and third floor are protected from this fire by the fire doors and wetted
glass shown earlier in this section.
Recommendations
• Egress could be significantly improved by the addition of one stair tower.
• Atrium smoke exhaust would have been easy at the time of construction, in fact there are fans on the roof
that could have exhausted smoke. This could still be done to improve tenability in the first 8-10 minutes of
a fire. This also may have eliminated some fire doors costs.
• Operable windows at roof monitors do not operate on building alarm, but could be activated and open on
alarm which would help with smoke control even if there were no extraction fans.
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Design Fire 2-- Second Floor Ballroom
The main ballroom on the second floor has an area of 14,000 sf and is used for a variety of events. I chose a design
fire occurring during a function, where there are amplifiers and speakers, special effects, and other electronic items.
It is probable that in such an event, there would be people (students) who are not as familiar with the space as well
as equipment that is not normally in the space. Some examples of this are shown in Figures 67, 68, and 69.
Room Characteristics:
• Length = 68 m
• Width = 20 m
• Height = 6.7 m
• Area = 1370 sq m
Specifically, I chose a computer rack and a CPU burning at the same time. They would be in close proximity and
touching each other so any delay from one item to the next would be minor. The location of the fire is shown in
Figure 70.

Figure 67. Hub Ballroom (showing operable wall deployed)

Figures 68 and 69. Hub Ballroom showing dance / party events
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Figure 70. Design fire located in north section of Main Ballroom

Figure 71. HRR Computer Workstation

Figure 72. HRR Computer Rack [7]

The source of the Computer Rack Heat Release Rate graphs was the SFPE Handbook which references unpublished
test results by Zicherman and Stevanovic [7]. The Computer Workstation graph is from tests run by the Swedish
National Testing and Research Institute, cited by SFPE. [8]. The HRR curves are shown in Figures 71 and 72.
For the design fire I am using a computer workstation and a computer rack, which are common in concerts and
events like this. The combined HRR in the graph below is 2000 kW and is shown in Figure 73.
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Combined HRR Curve for Design Fire 2
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Figure 73. HRR curve with Workstation and Computer Rack combined.

The smoke layer in the ballroom is shown in the graph below. This is based on a spreadsheet calculation with the
same design fire parameters as I used in the PyroSim simulation. It closely matches what the PyroSim simulation
output indicated in Figure 74. The smoke layer will be at an untenable level (impaired visibility at 2m above the
floor) in 10 minutes.

Ballroom Smoke Layer Progression
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Figure 74. Ballroom Smoke Layer showing space untenable in 600 seconds.
Products of Combustion
Average Yields for this fire were calculated based on SPFE Appendix, Table A.39. For Smoke and CO Yield, the
average yield for the plastics contained in the computer and the rack was calculated the value for EPS Polystyrene.
For the electronic components, the yields were calculated as the values for electrical cables. The overall yields were
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then calculated based on an assumption that the yields will contain 50% of each burning item, the electronics and the
plastics.
The overall Smoke Yield for this fire is 0.075 g/g, and the CO yield is 0.064 g/g
Tenability Analysis with PyroSim Model
Figure 75 shows that the temperature does not reach untenability (without sprinklers) until 1200 seconds.
With sprinklers, it would be an even longer time if at all.

Figure 75. Temperature at 6 feet above the floor in the Ballroom in 1200 seconds
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Figure 76 shows that Visibility does not become untenable, without sprinklers, until 615 seconds. With sprinklers, it
would be even longer. Figure 80 of the Pathfinder analysis shows that the Ballroom is empty at 164 seconds.

Figure 76. Visibility at 6 feet above the floor in the Ballroom in 615 seconds
Figure 77 indicates that CO concentration will not be a tenability issue in this fire because it never reaches the
tenability limit.

Figure 77. CO concentration at 6 feet above the floor in the Ballroom at 1200 seconds
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Figure 78 indicates that sprinklers would activate at approximately 650 seconds, which is well after all the people
have exited the ballroom. This space is 6.7 meters tall which accounts for the relatively long time.

Figure 78. Vertical slice file through Ballroom at 642 seconds.
For the Pathfinder analysis, the input parameters vary from Design Fire 1 in the atrium. For this fire, the people in
the ballroom (population 1000) start to exit immediately when the fire starts. This is shown in Figure 79 where the
people in the Ballroom start to exit immediately (Figure is at 13 seconds) while the remainder of the people on the
second floor are still in pre-movement. Figure 80 shows that at 164 seconds the ballroom is completely empty.

Figure 79. Pathfinder simulation at 13 seconds after the fire starts
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Figure 80. Pathfinder simulation at 164 seconds
In Figure 81, we can see that the remainder of the people on the second floor have started to exit at the conclusion of
detection time plus pre-movement time.

Figure 81. Pathfinder simulation at 287 seconds

In Figure 82, the entire building is empty at 740 seconds. This is somewhat different from the atrium fire in which
the entire building was empty in 829 seconds. I can attribute the difference to the fact that there are fewer people
that start to exit immediately in this fire than in the atrium fire.
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Figure 82. Pathfinder simulation at 740 seconds
Design Fire 2 Summary and Recommendations
For the Ballroom fire, RSET is less than ASET. Everyone in the Ballroom is able to exit the room in 164 seconds.
The tenability limit for visibility is not reached until 615 seconds, and the limit for temperature is not reached until
and 1200 seconds. As previously mentioned, CO concentration does not appear to be an issue in this fire.
Egress from the ballroom and the safety of those people were not an issue in this fire, however, addition exiting
capability would still significantly help everyone get out of the building faster.

Overall Summary of Performance-Based Analysis and Design Fires
For Design Fire 1, Figure 65 indicates that RSET is not less than ASET.
For Design Fire 2, RSET is less than ASET.
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Specific Recommendation regarding Design Fire 1 in the Atrium
I have recommended that the lightwell / monitors on the roof should be activated on alarm, so that even without
fans, some of the smoke would exit the building through these windows. This would be a relatively low cost item to
implement.
I ran the exact same simulation again using these windows. Figure 83 shows the design these windows that occur in
six locations on the roof. All four sides of each monitor have operable windows, resulting in 432 LF total for the six.
Figures 84, 85 and 86 show photos of the roof monitors.

Figure 83. Roof Monitor Details

79

Husky Union Building - University of Washington

D. Quatier

Figure 84. Roof Monitor

Figure 85 and 86. Roof Monitors showing operable windows open for ventilation.
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In the original simulation for Design Fire 1, the First Floor because untenable at 424 seconds. (See Figure 59). Using
the operable windows (without any fans) to let smoke escape, the first floor never becomes untenable. Figure 87
shows the first floor at that same time of 424 seconds, with no issues on the first floor. And in that same figure, we
can see the smoke and heat pouring out of these windows.
Additionally, Figure 88 shows that as time goes on, the windows let enough smoke escape so that there is never any
issues on the first floor.

Figure 87. Visibility Slice at 427 seconds for alternate Design Fire #1.

Figure 88. Visibility Slice at 835 seconds for alternate Design Fire #1.
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Likewise, Temperature is not an issue either on the first floor, at about that same time, as shown in Figure 89.

Figure 89. Temperature slice at 424 seconds for alternate Design Fire #1.
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Conclusion and Recommendations
A prescriptive analysis of the Husky Union Building was conducted. The Husky Union Building meets the criteria
of the codes and standards that it was designed and permitted under, including the structure, sprinkler system, fire
alarm system, and egress requirements. The major remodel and addition project in 2010, included all new systems
including those analyzed here. The project was permitted under the 2006 IBC.
The structural fire protection components comply with the requirements for Construction Type II-A per the 2006
IBC. While exiting capacities exceed requirements, this is shown to be inadequate in the performance based
analysis. The Fire Detection and Alarm system is compliant with applicable codes. The Smoke Control system
consists only of smoke detectors and duct detectors, as well as the large side coiling doors that deploy on alarm on
the second floor. This was deemed to be adequate but could be improved with the addition of a smoke extraction
system. The Fire Suppression calculations confirm that the water supply is sufficient.
A performance based analysis was completed using two justified design fires, one in the atrium on the first floor and
one in the ballroom on second floor. Material properties, soot, and CO yield were used in the PyroSim simulations
to determine if any of the tenability limits were exceeded. Likewise, a Pathfinder simulation was used for these same
two design fires to determine if the actual safe egress time was less than RSET. For the atrium fire, there were still
people on the first floor when the tenability limits were reached. Figure 66 shows that at 424 seconds, people were
still on the first floor when the space because untenable. So for that fire, RSET was not less than ASET.
Recommendations for improving the building should there be a fire in or near the atrium.
•

Most important is the addition of additional smoke extraction capabilities either by adding exhaust fans,
modifying existing fans, or including the operable windows per my additional analysis, in the light well
monitors.

•

There should also be one stairway added, only in between the first and second floors. This would not
necessarily be cost-prohibitive and would aid in the exiting time from the upper floors.
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Appendices
Appendix A: Hydraulic and pressure loss calculations for mote remote sprinkler zone
Appendix B: Selected tables from NFPA 13 regarding hydraulic calculations
Appendix C: Sprinkler Specifications from the project manual for the HUB, with design criteria
Appendix D: Fireproofing plans
Appendix E: Fire Alarm Plans
Appendix F: Fire Alarm Control Panel
Appendix G: Fire Alarm Notification Appliances
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